A novel strain, designated SJP7 T , was isolated from sediment of the Tofua Arc of the Tonga Trench. The 16S rRNA gene sequence of the isolate showed the highest similarity to that of Marinoscillum pacificum KCCM 42325 T (95.9 %). Phylogenetic analysis revealed that the isolate formed a distinct phyletic line with Marinoscillum pacificum KCCM 42325 T and Marinoscillum furvescens LMG 13023 T within the family Cytophagaceae. Cells of strain SJP7 T were Gramstain-negative and appeared as long rods that were motile by gliding. Growth was observed at 15-40 6C (optimum, 30 6C), at pH 5.5-9.0 (optimum, pH 7.5-8.0) and in the presence of 0.5-7.0 % (w/v) NaCl (optimum, 2.5-3 %). The major respiratory quinone was MK-7. The dominant fatty acids were summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 15 : 0 and C 16 : 1 v5c. The DNA G+C content was 43.5 mol%. These properties support the affiliation of strain SJP7 T with the genus Marinoscillum. Further phenotypic differentiation of strain SJP7 T from other species of the genus Marinoscillum was indicated by the results of physiological and biochemical tests. On the basis of evidence from our polyphasic taxonomic study, strain SJP7 T represents a novel species of the genus Marinoscillum, for which the name Marinoscillum luteum sp. nov. is proposed. The type strain of Marinoscillum luteum is SJP7 T (5KCTC 23939 T 5NCAIM B02491 T ).
A novel strain, designated SJP7 T , was isolated from sediment of the Tofua Arc of the Tonga Trench. The 16S rRNA gene sequence of the isolate showed the highest similarity to that of Marinoscillum pacificum KCCM 42325 T (95.9 %). Phylogenetic analysis revealed that the isolate formed a distinct phyletic line with Marinoscillum pacificum KCCM 42325 T and Marinoscillum furvescens LMG 13023 T within the family Cytophagaceae. Cells of strain SJP7 T were Gramstain-negative and appeared as long rods that were motile by gliding. Growth was observed at 15-40 6C (optimum, 30 6C), at pH 5.5-9.0 (optimum, pH 7.5-8.0) and in the presence of 0.5-7.0 % (w/v) NaCl (optimum, 2.5-3 %). The major respiratory quinone was MK-7. The dominant fatty acids were summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 15 : 0 and C 16 : 1 v5c. The DNA G+C content was 43.5 mol%. These properties support the affiliation of strain SJP7 T with the genus Marinoscillum. Further phenotypic differentiation of strain SJP7 T from other species of the genus Marinoscillum was indicated by the results of physiological and biochemical tests. On the basis of evidence from our polyphasic taxonomic study, strain SJP7 T represents a novel species of the genus Marinoscillum, for which the name Marinoscillum luteum sp. nov. is proposed. The type strain of Marinoscillum luteum is SJP7 T (5KCTC 23939 T 5NCAIM B02491 T ).
Micro-organisms belonging to the phylum Bacteroidetes (previously known as the Cytophaga-Flavobacterium-Bacteroides group) are widely distributed in many environments and play important roles in (polymeric) organic carbon degradation. Marine bacteria of the phylum Bacteroidetes have been frequently isolated during microorganism screenings using organic-rich media. However, the taxonomic and physiological properties of the marine bacterial strains of the phylum Bacteroidetes have been poorly investigated (Nedashkovskaya et al., 2003) .
' [Microscilla] furvescens' was originally proposed by Lewin (1969) and Lewin & Lounsbery (1969) to accommodate a Gram-negative, heterotrophic, motile by gliding, strictly aerobic, oxidase-, catalase-and alkaline phosphatasepositive bacterium with rod-shaped or filamentous cells (10 to .100 mm) that lacks flexirubin-type pigments, isolated from marine sands. Recently, based on a polyphasic taxonomic investigation of a novel bacterial strain, MRN461 T , isolated from a marine sponge, Seo et al. (2009) proposed Marinoscillum pacificum gen. nov., sp. nov., in the family Cytophagaceae together with transfer of '[Microscilla] furvescens' to the new genus as Marinoscillum furvescens. Thus, the genus Marinoscillum is represented by two marine bacterial strains isolated from marine sands and sponges, respectively. Here, we report on a polyphasic taxonomic characterization of Marinoscillum-like bacterial strain SJP7 T , which was isolated from sediment of the Tofua Arc of the Tonga Trench.
A novel bacterial strain, SJP7 T , was isolated from marine sediment of the Tofua Arc of the Tonga Trench (24 u 279 540 S 176 u 479 550 W) collected at 400 m water depth by a grab sampler, and was selected for further characterization by a polyphasic approach. A sediment sample (10 g) was suspended and serially diluted with artificial seawater (ASW) modified from Kester et al. (1967) . The ASW contained the following (l 21 distilled water): 23 g NaCl, 4.5 g MgCl 2 . 7H 2 O, 4.4 g MgSO 4 . 6H 2 O, 1.1 g CaCl 2 . 2H 2 O, 2.2 g KCl 0.15 g KH 2 PO 4 , 0.2 g NH 4 Cl and 0.5 g yeast extract. After ASW was autoclaved and cooled, the following sterile stock solutions (l 21 distilled water) were added before inoculation: 1 ml trace mineral element solution SL-6 (DSM medium no. 27), 1 ml vitamin solution (Wolin et al., 1963) and 5 ml 1 M NaHCO 3 . After incubation at 25 u C under aerobic conditions for 2 weeks, an aliquot of the last dilution showing turbidity was spread onto solid ASW (1.5 % agarose was added to ASW, w/v) and was incubated at 25 u C for 1 week. Single colonies were purified by transferring them onto marine agar 2216 [MA; 1.5 %, w/v, agarose was added to marine broth (Difco) instead of agar], and subjecting them to an additional incubation at 25 u C for 3 days. Isolated strains were preserved as glycerol suspensions (25 %, w/v) and were stored at 280 u C.
The 16S rRNA gene sequence of isolate SJP7 T was determined for phylogenetic analysis. Genomic DNA of isolate SJP7 T was extracted using a commercial genomic DNA extraction kit (Solgent). The 16S rRNA gene was amplified from the genomic DNA using the universal bacterial primers, 27F (59-AGAGTTTGATCMTGGCTCAG-39) and 1492R (59-TACGGYTACCTTGT TACGACT T-39) (Lane, 1991) . The purified PCR products were sequenced by CosmogeneTech Co. Ltd (Seoul, Republic of Korea). The 16S rRNA gene full sequences were compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequence of strain SJP7 T determined in this study was 1423 bp in length. The 16S rRNA gene sequences of related taxa for phylogenetic analysis were obtained from the GenBank database. Sequence alignments were performed using SILVA (http:// www.arb-silva.de/aligner), considering the secondary structure of the rRNA gene (Pruesse et al., 2007) . Gaps were edited in the BioEdit program (Hall, 1999) . The evolutionary distances were calculated using the Kimura twoparameter model (Kimura, 1983) . Phylogenetic trees were reconstructed based on the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods by using the MEGA 5 program (Tamura et al., 2011) . In the analysis of phylogeny, strain SJP7 T was determined to belong to the family Cytophagaceae. The high bootstrap values in the phylogenetic analysis ( Fig. 1 ) of 16S rRNA gene sequences supported that strain SJP7 T clearly belonged to the lineage Marinoscillum. Nucleotide similarity values of the 16S rRNA gene sequences were calculated using the EzTaxon program (http://www.eztaxon-e.ezbiocloud.net/) (Kim et al., 2012) . The highest degrees of 16S rRNA gene sequence similarity were found with the type strains of the genus Marinoscillum, Marinoscillum pacificum KCCM 42325 T (95.9 %) and Marinoscillum furvescens LMG 13023 T (95.8 %). Thus, Marinoscillum pacificum KCCM 42325 T and Marinoscillum furvescens LMG 13023 T were selected as reference strains, and were used for comparison with the isolated strain.
Strain SJP7 T and reference strains were routinely grown on MA plates at 25 u C for 3 days. Morphological characteristics of the cells were determined by phase-contrast microscopy (80i, Nikon) and transmission electron microscopy (G2 Spirit, FEI-Tecnai; as installed at the Korean Basic Science Institute), with negative staining using 1 % (w/v) phosphotungstic acid. Cell motility was examined by the semisolid agar method (Tittsler & Sandholzer 1936) , and gliding motility was determined on MA surfaces as described by Agarwal et al. (1997) . Gram staining was performed with a BD Gram stain kit according to the instructions of the manufacturer. Catalase activity was determined by testing bubble production in 3 % (w/v) H 2 O 2 . Oxidase activity was studied by monitoring the oxidation of a 1 % tetramethyl-p-phenylenediamine solution on filter paper discs. Growth under anaerobic conditions was determined on MA for 14 days at 25 u C in anaerobic GasPak jars (BD). Strain SJP7 T was a Gramstain-negative, aerobic and rod-shaped bacterium. Cells of variable sizes were observed (0.3-0.564.0-5.0 mm) ( Fig.  S1 , available in IJSEM Online) and they were observed to be motile by gliding. However, flagella were not discernible in transmission electron microscopy analysis. The two reference strains Marinoscillum pacificum KCCM 42325 T and Marinoscillum furvescens LMG 13023 T were 10 to .100 mm in length, while strain SJP7 T was 4 to 5 mm in length. Colonies were orange-yellow and circular with regular edges and had a diameter of 1-2 mm when grown on MA at 25 u C for 3 days. Isolate SJP7 T did not form endospores.
Growth at different temperatures (0 to 50 u C at intervals of 5 u C) was assessed after 3 days of incubation on MA. Strain SJP7 T was able to grow at 15-40 u C, but not at 10 u C or above 45 u C (optimum, 30 u C). Growth at different NaCl concentrations (0-15 % at intervals of 1.0 %, w/v) was measured using ASW without NaCl. Strain SJP7 T required sodium for growth, and grew with 0.5-7 % NaCl (optimum 2.5-3 %). The response to pH (pH 5.0-10.0 at intervals of 0.5 pH units) was determined in marine broth 2216 (Difco) at 25 u C for 3 days. Three different buffers were used (final concentration, 10 mM): acetate buffer was used for pH 5.0-5.5 (Green, 1933) ; phosphate buffer was used for pH 6.0-8.0 (Green, 1933) ; Tris/HCl buffer [pH 8.5 (Biosesan), adjust with 1 M NaOH] was used for pH 8.5-10.0. SJP7 T grew at pH 5.5-9.0, but not at pH below 5.0 or above 9.5 (optimum, pH 7.5-8.0). The physiological characteristics of strain SJP7 T are summarized in the species description, and selective characteristics are compared with those of related type strains in Table 1 .
Quinone components were separated and identified by reverse-phase HPLC and photodiode array detection, with internal and external standard quinones, as described by Hiraishi et al. (1996) . Similar to Marinoscillum pacificum KCCM 42325 T and Marinoscillum furvescens LMG 13023 T , strain SJP7 T also had menaquinone 7 (MK-7) as the major respiratory quinone. MK-7 is widely observed in all other members of the family Cytophagaceae as a major quinone.
For the analysis of cellular fatty acids, strain SJP7 T and reference strains were cultivated on MA at 25 u C and pH 7.5 for 3 days. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI, 2001) . The methyl-esterified fatty acids were then analysed by gas chromatography (6890, Hewlett Packard) and were identified using the Microbial Identification software package (version 6.1) (Sasser, 1990) . The major cellular fatty acids of strain SJP7 T were composed of summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c, 42.0 %), iso-C 15 : 0 (22.0 %) and C 16 : 1 v5c (10.0 %). The fatty acid profile of strain SJP7 T was similar to those of reference type strains Marinoscillum pacificum KCCM 42325 T and Marinoscillum furvescens LMG 13023 T (Table 2) .
Chromosomal DNA, extracted for 16S rRNA gene amplification, was used for determination of G+C content. The DNA G+C content of strain SJP7 T was determined using a fluorometric technique employing real-time PCR (Gonzàlez & Saiz-Jimenez, 2002) . Genomic DNA standards from Reichenbachiella faecimaris PCP11 T (39.6 mol% G+C), Marinoscillum furvescens LMG 13023 T (44 mol% G+C) and Marinoscillum pacificum KCCM 42325 T (41.5 mol% G+C) were used. The DNA G+C content of genomic DNA of strain SJP7 T was 43.5 mol%, which is in a similar range to those of the reference strains of the genus Marinoscillum.
Carbon source utilization and enzyme activities were determined with API 20NE, API ZYM (bioMérieux) and Biolog (GEN III MicroPlate) galleries according to the instructions of the manufacturers. Bacterial suspensions were made in sterile, chilled ASW without yeast extract. After inoculation, the galleries were incubated at 25 u C for 3 days and reactions were read. Hydrolysis of starch and On: Fri, 28 Dec 2018 09:44:32 agar were determined according to Smibert & Krieg (1994) with modified ASW. The production of H 2 S was tested on peptone iron agar (Difco) supplemented with 2.5 % (w/v) NaCl (final concentration). The following antibiotics were tested on MA by a disc-diffusion plate method: ampicillin (10 mg), chloramphenicol (25 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), penicillin G (10 mg), streptomycin (10 mg) and tetracycline (30 mg). Strain SJP7 T was sensitive to ampicillin, chloramphenicol, erythromycin and tetracycline, but was resistant to gentamicin, kanamycin, penicillin G and streptomycin. The physiological biochemical and morphological characteristics of strain SJP7 T , Marinoscillum pacificum KCCM 42325 T and Marinoscillum furvescens LMG 13023 T are given in species description and in Table 1 and Table S1 .
The requirement for three other seawater components (Ca 2+ , K + and Mg 2+ ) was tested. All combinations of these components at concentrations of 0.2 % (w/v) CaCl 2 . 2H 2 O, 0.05 % (w/v) KCl and 0.6 % (w/v) MgCl 2 . 6H 2 O were added to a modified ASW containing 5 g yeast extract, 1 g peptone, 25 g NaCl and 0.01 g FePO 4 per litre of distilled water (Seo et al., 2009) . After cultivation in the modified ASW at 25 u C for 7 days, strain SJP7 T was observed to grow in the medium without K + , but not without Ca 2+ or Mg 2+ . Strain Marinoscillum pacificum KCCM 42325 T required Mg 2+ , while Marinoscillum furvescens LMG 13023 T required Ca 2+ and Mg 2+ for growth.
Currently in bacterial systematics a species is defined when DNA-DNA relatedness between the two strains is below 70 % (Wayne et al., 1987) . According to compiled data of 16S rRNA gene sequences, it is widely accepted that DNAs from micro-organisms that have less than 97 % similarities in 16S rRNA gene sequences will not reassociate to more than 60 %, regardless of the hybridization methods employed (Stackebrandt & Goebel, 1994) . Because of the lower than 96 % 16S rRNA gene sequence similarities, DNA-DNA hybridization experiments were not performed between strain SJP7 T , Marinoscillum pacificum KCCM 42325 T and Marinoscillum furvescens LMG 13023 T . Lewin (1969) , Alain et al. (2010) , Lau et al. (2006) and Cha et al. (2011) . +, Positive reaction; 2, negative reaction; W, weakly positive; ND, not determined. All taxa are positive for oxidase and catalase activities and possess MK-7 as the major respiratory quinone. All taxa are negative for H 2 S production, nitrate reduction, degradation of agar and urea, and production of flexirubin-type pigments. The biochemical and physiological characteristics of strain SJP7 T are summarized in the species description, and selective characteristics were compared with those of type strains of the genus Marinoscillum and related genera in the family Cytophagaceae in Table 1 . As shown in Table 1 The type strain is SJP7 T (5KCTC 23939 T 5NCAIM B02491 T ), isolated from sediment of the Tofua Arc of the Tonga Trench. The DNA G+C content of the type strain is 43.5 mol%.
Ekhidna lutea gen. nov., sp. nov., a member of the phylum 
